Crystal and slit systems are used for four purposes in X-ray physics:
2-Preliminary Considerations
We are concerned with systems consisting of X-ray tube, crystal, and two or more apertures. We shall assume that the same two apertures limit all the rays, that the distance between the limiting apertures is large compared with their breadth, and that the square of this distance is large compared with the square of their height; conditions which are almost always fulfilled in practice. It will also be assumed that the tube focus is larger than the area on the anticathode from which radiation can pass through the system, and that over this area the intensity is uniform. Since, however, this condition is difficult to fulfil in practice, the effect of a non-uniform intensity distribution will be discussed later.*
3-Effect of the A perture System
Three cases arise from a consideration of the possible positions of the limiting apertures:
1-both apertures lie between the anticathode and the crystal; 2-the radiation passes through both apertures after reflection at the crystal; and 3-the radiation passes through one aperture before reflection and one after.
Now the coefficient of reflection at a crystal surface depends only on the angle of incidence and on the wave-length; moreover, the wave-length distribution in the incident heterogeneous beam is the same for all angles of incidence. The effect of the aperture system on the intensity dis tribution in the reflected beam therefore arises merely from the way in which it limits the total solid angle containing all the radiation falling on the crystal surface within a small range of angle about a given angle of incidence. In all three cases this will not depend on the distance between the apertures and the crystal. Furthermore, cases 1 and 2 are exactly equivalent in this respect, and case 3 can easily be seen to be convertible so as to be equivalent to cases 1 and 2 by replacing the aperture following reflection by its mirror image in the crystal surface. Hence it is sufficient in what follows to consider only case 1, the results obtained being directly applicable to all three cases except for the slight change required in case 3.
Consider, therefore, an aperture system consisting of two limiting apertures Ax and A2, fig. 1 , which lie between the anticathode and the crystal, all other apertures being clearance apertures and the crystal not limiting the beam (unless it is itself one of the limiting apertures). Let the two limiting apertures lie in parallel vertical planes normal to the collimating axis of the system (i.e., the straight line through the centres of the apertures). Let the crystal face be vertical and inclined at an angle cf) to the axis, which intersects it in the point O ; and for convenience let the anticathode surface be vertical, and inclined at an angle < 4 to the axis.
Let the intensity of the radiation, leaving an area of the anticathode within a solid angle doit and lying between wave-lengths X a be IA dX ds dcov Since we shall only be interested in rays making small angles with the axis, IA may be taken as a function of X alone. Then the intensity of the radiation falling in a given direction in space on an element dS of the crystal within a solid angle do>2 and of wave-length between X and X -fd Xi s Ix dX dS d a 2 if the apertures permit the passage of the beam and zero if they do not. Let d£l be that solid angle which includes all the radiation which the aperture system allows to fall on rfS in directions making angles between 0 and 6 + ^/0 with the crystal surface. Then the total intensity of radiation between wave-lengths X and X + falling on the crystal between angles 0 and 0 + is
where Hrf0 = j rfQ dS. The integral is a function of the variables 0, < f > (and ^0) only. H is a function of 4*, < f > and 0 -< / > and depends on the shape, size, and distance apart of the limiting apertures. It will be called the aperture f u n c t i o n , and all effects which arise from the geomet o f the aperture system are expressible in terms of it.
Let the area dS on the crystal surface be situated at the point co-ordinates are u and v referred to rectangular axes in the plane of the crystal, the origin being the point of intersection O of the axis of the system with the crystal surface. Let v be measured vertically downwards and u towards the foot of fig. 1 . All rays falling on the area dS and making an angle 0 with the crystal surface lie on the surface of the cone of half angle -0 whose vertex is at the point (w, v) and whose axis the norm al'to the crystal at this point. Hence, provided that there are no limitations imposed by the aperture system, the intensity of the radiation falling on dS within a small range of angle between 0 and 0 + is proportional to the solid angle contained between the two cones whose vertices are at («, v) , whose common axis is the normal to the crystal surface at this point, and whose half-angles are -0 and -0 -dd. Suppose now that there is one aperture, namely Ax in fig. 1 , between the anticathode and the crystal. The two cones will intersect the plane of the aperture in two conics, and if any of that part of the plane between the two conics lies inside the aperture, the area dS of the crystal can receive through the aperture radiation incident at angles between 0 and 0 + dQ. Let the aperture cut off an arc of length / from the conic due to the intersection of the cone of half-angle -0 with the plane of the aperture. Then the area of the aperture through which the radiation can pass is IdQ (D' + u cos < f> ), where D ' is the distance of O from the plane of the aperture. Hence dO. = IdQfD' + cos < f> ) and When there are two limiting apertures H is a function of the same type in which / is determined by both apertures. It is in fact the length of that part of the arc of intersection of the cone with the first aperture from which the generating lines of the cone can pass through the second aperture. Since the position of the apertures relative to the crystal is immaterial (see p. 119), the second aperture will for simplicity be taken to be at O. The projection of the second aperture on the crystal surface defines a region in which the vertices of the cone may lie, and this region may be taken as the second (virtual) aperture. D ' now becomes equal to D, the 4-The A perture F unction (4.1) distance between the two apertures, so that the results obtained apply to all the systems of § 3.
We shall assume that D is large compared with the dimensions of the apertures and large compared with 0 -< f> . Then, unless < f > is so large that ( --< f > j D is less than either dimension of the aperture, the ap ture Aj_ includes only a small part of the conic of intersection of the cone with the plane of the aperture A1? namely, that part near one point of intersection of the conic with its own horizontal axis. Writing S = 0 -< /> , the horizontal distance X of this point from the axis of the aperture system is us in < f > + DS and the radius of curvature is a minimum and e to D cot (j> . If this radius of curvature is large compared with the aperture width, and the latter is comparable with the aperture height, / will be equal to the length of intersection of the (vertical) tangent with the aper ture. If, however, the aperture width is considerably smaller than the aperture height the tangent must be replaced by the osculating circle. It is then sufficient for (aperture height)2 to be small compared with D2 and (aperture breadth)2 small compared with D2 c o t2 < /> . The second approxi mation will be considered first and from it will be deduced the upper limit for the ratio of aperture height to width in terms of D and (f> for which the first approximation holds. It is clear that a better approximation than the second is rarely required (see p. 141).
Narrow Rectangular Apertures-Let the first aperture distant D from O be of width 2a1 and of height 2b1; let the second aperture A2 situated at O be of width 2a2 and of height 2b2, whereby the crystal is limited to a width 2 a2 /sin < f > and a height 2. Now the cone with vertex at (u, v) intersects the plane of A ± in the osculating circle which has radius D cot < /> . Changing the variable from ut o X in (4.1) we have
where L is the same length as before but is now expressed as a function of X and v. fig. 2 . The significance of the dotted lines will be explained in the Appendix. It is to be noted that the range of X in which G^O When the values of ax, a2, bx, b2, D, < f> , and are known, as a function of 8. H changes its form discontinuously as through certain values depending on the relative dimensions of the aperture system. A rigorous analytical evaluation of H has been carried out for bx = b2 = b and ax < a interchanging ax and a2. An evaluation for the more general case of bx b2is hardly practicable, but the case of = is of special importance since, as will now be shown, it leads to the maximum efficiency.
From fig. 2 it is seen that in both groups a curve for a greater \b x -b2 \ lies wholly within one having a smaller | -|. Referring to (4.3) we see that H for a given 8i s 2/D sin ^ times the area und between two limits which are dependent only on (bx + These areas therefore decrease in order of | bx -b2 |increasing, so is everywhere less than H for bx = b2. The range of X for which G^O is independent of | bxb2 | and conseque H^O is independent of | bxemergent beam is therefore independent of | |. Since the intensity is proportional to H it follows that for a given wave-length range the maximum intensity is obtained when bx = b2. Furthermore, it is advantageous to have the intensity concentrated in the central region of the transmitted wave-length range which occurs when the peak of Hor of G -is as sharp as possible. This also happens* when bx = b2.
The form of H for different values of axja2 but with ax + a2, b, D, < / > and constant is exhibited graphically in fig. 3 . It is to be noted that the range of 8 in which H ^ 0 is in every case given by
The area under the curve is in all cases I6axa2b2/D2 sin The maximum values o f H do not occur at § -0, so that the maximum intensity in the * It has been proved that for the G curves the ratio of the maximum ordinate to the width at half maximum and the ratio o f the maximum ordinate to the area under the curve have their maximum values for bl = bt .
H , in arbitrary units
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-6 Oi+Oz_ 262tan<fr _ a,+a2 2&2ta n $/D Oi+Oz _ 26* ta n \a2-a except for they are coincident. The maximum intensity of the emergent beam for a given wave-length range will therefore be obtained when , as follows from an analogous consideration to that for bx and b2. Further more, it can be proved as for G that the intensity is most concentrated in a central region of wave-length when ax = a2. Aperture systems m which the two limiting apertures are of the same size are therefore of greatest efficiency. For them the actual values of H are given in fig. 4 . The sequence of the functions representing H in different ranges of 8 is different for the three conditions on the left of the diagram, and is given in the horizontal row following each condition, the algebraic form of the functions H 0, Hlf etc., being given in the table below. The values of 8 at which one function is to be replaced by the next are found by following the vertical line between two functions to the top or bottom of the diagram.
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Wide Rectangular Apertures-For sufficiently wide rectangular apertures for which the conic may be approximated to the tangent at its vertex L in equation (4.2) is equal to 2bx or zero. An evaluation of H leads to the results shown in fig. 5 , in which + ^i> D, < f> , and 4 are constant and a x a 2 . When a2 ax the results are the with ax and a2 interchanged. The curves are symmetrical about S -0 and the range of § over which H t* 0 is independent of bx and b2. The maximum ordinate of any curve is equal to Saxbxb2/1 D sin 4> and the area under the curve is in all cases I6axa2bxb2/T>2 sin 4-The tangent line approximation is justified when the curves in fig. 5 approximate to the upper set of curves in fig. 3 , i.e., when the range of S for which H 0 is approximately the same in the two figures. A more general condition for bx b2 may be obtained from fig. 2 and is found to be 3 (bx + b^f < < 4axD cot < f> . H can be calculated for any particular case as E and F are tabulated func tions. The area under the H curve is tiV4/D2 sin < ]> . 
H in arbitrary u n its,------H in arbitrary units
5-The Effect of the Crystal
We are now in a position to return to equation (3.1). Let the intensity of the radiation between wave-lengths X and X -f falling on the crystal between angles 6 and 6 + d bb e reduced by reflection C(0 -0A ), where 0A is the value of 0 about which C is (nearly) sym metrical. For the small range of wave-length which is allowed to pass through the system at any given setting C may be taken as independent of wave-length. The intensity of the radiation after reflection at the crystal is IA d \ HC dd, and the total intensity of the emergent radiation between wave-lengths X and X + d\is
Recent experiments* have shown that for nearly perfect crystals the form of C obtained experimentally is not incompatible with Prins'sf modification of Darwin's theory and that C lies between a Gaussian error curve and a Witch of Agnesi, the precise form depending to some extent on wave-length. Miller J has reduced the formulae of Prins's theory to a simplified form more suitable for calculation and Spencer § has dis cussed what form of simple algebraic function best fits the experimental curves. Having chosen the form of the C function for a particular crystal, the integration in (5.1) can be carried out if required.
6-The Total Intensity
Continuous Background Radiation-As only a small range of wave lengths need be considered for any given setting of the crystal, we may put IA = I* = constant. It follows from (5.1) that the total intensity of the emergent beam is 1 = I* ff HC where X is related to 0A by the well-known relation sin 0A , the symbols having their usual significance. Expressing X in terms of 0A and remembering that H and C are only appreciable for small values of 8 and 0 -0A respectively, we obtain
Hence for rectangular apertures of the same size, it can be shown that in all cases * j p 2d 16a2b2 cos < f > * n D2 sin Î n the case of circular apertures we obtain Y_t> 2d V4 cos < f > * n D2 sin ' Line Radiation o f Wave-Length X Incident-We shall consider only the case in which the line can be taken as infinitely narrow and put
In general a knowledge of the form of C is required to enable the integral to be evaluated; but in-the case of a nearly perfect crystal and experi mentally reasonable aperture widths, the range of 0 for appreciable reflection is small compared with the range of 0 permitted by the aperture system. We then have I = IR H (S = &*),
where SA = 0A -< f> . The crystal is generally adjusted so that sponds to the maximum ordinate of the H curve, but it should be remembered that for narrow rectangular apertures this maximum does not correspond to & A = 0.
The applications of the theory will now be discussed. For convenience, when referring to them, the conditions under which they are applicable will first be summarized. Spectroscopic Analysis o f a Continuous Distribution-A spectroscope not only selects a narrow band of wave-lengths from the incident radiation but also alters the intensity distribution. The intensity of the emergent beam as a function of < f > is given in terms of the incident wave-length distribution by equation (6.1). The < f > variable factor which alters* the shape of the intensity distribution is R cos < f> . It is to be noted that in addition to the crystal reflection factor R there occurs a geometrical factor cos < f> . N n n n -y +a or+b Spectroscopic Analysis o f Line Radiations-In the spectroscopic com parison of line intensities the ratio of the emergent intensities in terms of the ratio of the incident intensities is obtained from (6.2). As with con tinuous background radiation, the intensity ratio is altered by the spectro scope because of the < j > variable factor in (6.2). Since both H and C are functions of < f > the dependence on < f > is in general complicated. In the important practical case, however, of a nearly perfect crystal and " wide rectangular apertures " (see p. 127), (6.2) reduces to (6.2a) and H is no longer a function of < f> . The remaining < f > variable factor R is different from the factor found for continuous radiations.
In the investigation of multiplet structure, as well as in the investigation of natural line breadth, the procedure is to compare the observed dis tribution with that calculated for an infinitely narrow line. The latter, expressing the emergent intensity as a function of < /> , is to be obtained from (6.2) , which, after integration, will give the intensity as a function of < £ and §A , i.e., of < f > and 0A -< f> , where 0A is constant. Since the emergent intensity is zero except for a small range of < f > about (f> = 0A , its variation with < f > is small except that due to functions of 0A -< f> . In the particular case of (6 .2a) {see p. 130) this variation is approximately the same as the variation with -8. The apparent shape of an infinitely narrow line is thus given by the H curve reversed. For wide rectangular apertures the results, fig. 5 , are in agreement with those of Richtmyer;* for narrow rectangular apertures the curve, fig. 3 , is asymmetric about 8 = 0, the form of the curve depending on the actual dimensions of the aperture system. This is again in agreement with Richtmyer who showed qualita tively that the tendency in such a curve is to be less steep on the side corresponding to 8 negative in fig. 3 , though he did not calculate the form of the curve.
Investigation of Absorption Edges and other Discontinuities-Such
investigations may be carried out by spectroscopic analysis or by the use of monochromatized beams. In the former method we proceed by comparing the observed intensity distribution with that to be expected from an infinitely sharp discontinuity. This latter may be obtained from (5.1) by integrating to give I for a stepped IA distribution.
The Use o f Monochromatized Beams-For the investigation of dis continuities, the distribution of intensity with wave-length in the mono chromatized beam is required and is given by equation (5.1), when the incident radiation is taken from a continuous background.
When line radiation is incident the total emergent intensity is given by (6.2) , so that, when the monochromatized radiation is obtained from a line superposed on a continuous background, a comparison of the total intensities given by (6.1) and (6.2) enables one to calculate to what extent the line radiation is contaminated by the continuous background in the monochromatized beam.
For the accurate determination of a quantity such as an absorption coefficient in a range where it varies smoothly with , it is sufficient to know the mean wave-length x of the radiation used. This is given by 0X = < f > for wide apertures but not for narrow apertures, since these give an asymmetric intensity distribution. For them 0* must be obtained from the position of the centre of gravity of the H curves of fig. 3 . For ax = a 2 -a it may be shown analytically that
For very narrow slits the asymmetry displaces the mean wave-length by an amount comparable with the wave-length range of the monochromatized beam as may be seen from curve 5, fig. 7 .
Design o f Slit Systems-It has already been stated that the most efficient form of aperture system is one in which the limiting apertures have the same size and shape. Such systems will now be considered in greater detail. The range of $ and therefore of X in the emergent beam is independent of the linear dimensions of the apparatus if the proportions are kept unchanged. If continuous background radiation is incident, the total intensity of the emergent beam is proportional to (for rectangular apertures), and hence to the square of the linear dimensions of the apparatus. In this it is assumed that at the same time the intensity per unit area of the focal spot remains unchanged, i.e., that the total input increases as the square of the linear dimensions. If, however, the total input is constant, the intensity of the emergent beam is independent of the linear dimensions of the apparatus for a given wave-length range. If, therefore, an increase in the linear dimensions permits of an increase in the input to the X-ray tube, the linear dimensions should be made as large as possible in order to obtain the maximum emergent intensity for a given wave-length range. It is obvious that the same conclusions hold if a line radiation is incident.
In fig. 7 various quantities of importance in aperture system design calculated from the theory for rectangular apertures are plotted against bla, the range A of 8 over which Hs^O being kept constant. A = 4 + 2 b2 tan </>/D2. In selecting a small wave-length range from continuous background radiation, it is obviously desirable to have the total intensity for the required wave-length range and therefore the area under the H curve as large as possible, that is to work with the value of b/a corresponding to the maximum ordinate of curve 2 fig. 7, i. e., bla -1-7 (2 cot A)*. Furthermore, it may be desirable to work with a value of bla for which curves 6 and 7 have their maximum values, which, however, occur in different positions. But curve 6 increases only slowly as bja increases, and curve 7 has risen to within 15% of its maximum value for b/a= 1-7 (2 cot < f > !A )i, so that in general this value will be the optimum. In separ ating a line radiation from a continuous background, it is desirable to work at the maximum of curve 1, i.e., bja = 2 (2 cot < f> j A)K It then follows from curve 7 that the majority of the contamination from the continuous background is concentrated in a small wave-length region on both sides of the line. To obtain the maximum intensity of line radiation relative to continuous background, the crystal should not be set for < j > -but for (f> -0A + %, where % is given by curve 4. a and b can be found in terms of £, D and < f> . We have
It is to be noted that the optimum value of is a function of < f> , so that if the aperture system is to be used over an extensive wave-length range either b/a should be varied or some value chosen which is a suitable compromise for the purpose in hand. In making this choice it must be remembered that both the abscissae and the ordinates in fig. 7 are func tions of < j> . When values of a, b, and D have been ordinates of fig. 7 are then implicit functions of < f> .
The curves in fig. 7 therefore summarize the effect of the aperture system on the emergent radiation from the most efficient forms of mono chromator.
It remains to be emphasized that the optimum slit system may be very different from the orthodox design and at the same time be very much better. A single example will suffice to show that such an unorthodox design may enable accurate quantitative investigations to be carried out which have hitherto been considered almost impracticable. Experimental results concerning the wave-length distribution of the continuous radia tion from a thin anti-cathode are very meagre, because the energy that can be dissipated per sq cm of such an anticathode is limited. Applying the results of this paper a spectroscopic analysis of the radiation should be possible to within 1%, using a slit system for which the transmitted wave length range is 10% of the mean wave-length, i.e., for which A ~ </>/10. The optimum value of bja is 2 (2 cot A)*, and the slits should be as large as possible but will be limited by the size of available crystals. For < f > -10° we find that the optimum slit system consists of two slits each 9 cm x 2 mm at a distance of 36 cm apart. By inclining the anticathode surface at 5° to the axis its useful area would be about 9 cm x 2 cm. The-total intensity from the thin anticathode could then approach that obtained from an ordinary X-ray tube.
I am indebted to W. R. Harper for the laborious work of checking* the mathematics and for assistance in extending the theory to include a non-uniform intensity distribution over the focal spot. The work was carried out during my tenure of a Carnegie Research Fellowship.
8-Summary
A quantitative general theory of the use of crystal and slit systems in X-ray physics for the production of monochromatized beams and for the analysis of composite radiations is developed.
The corrections arising from slit breadth, slit height, and crystal setting that have to be applied in the interpretation of experimental results are given in detail. The design of slit systems for monochromators and spectroscopes is discussed and it is pointed out that the optimum design may be very different from that usually adopted.
A p p e n d ix I
Effect o f Non-Uniform Intensity in the Focal Spot
Large but highly localized variations in intensity may occur owing to irregularities on the anticathode surface, but since it is clearly impossible to allow for their effect in the calculations it must be ensured experiment ally that they affect only a small fraction of the total intensity. The only other variation that need be considered is a gradual falling off in intensity towards the edges of the focal spot. It fortunately happens, however, that a considerable variation of this kind has only a small effect on the wave-length distribution of the emergent beam provided that the centre of the focal spot lies on the axis and that the distance between it and the first aperture is much less than D. For an approximate consideration we may then take the focal spot to be situated in the plane of the aperture ; and the two apertures will be considered to be of the same size.
All the general equations in § §5 and 6 were obtained from (3.1), viz.,
If now the variation of intensity over the focal spot is the same for all wave-lengths, we may clearly write for a non-uniform intensity I#,A == 1 a dX H * It should be also mentioned that the complicated algebra involved in calculating the aperture function was of such a nature as automatically to provide cross-checks.
where IA is the mean intensity over the aperture A lt and H is a new function which depends not only on the aperture system but also on the distribution o f intensity over the focal spot or aperture A v This equation may be developed exactly as (3.1) in § §5 and 6.
Let (x, z) be the co-ordinates of any point in the plane of the aperture A l9 referred to rectangular axes with origin at the centre of the aperture, x being measured in the direction of , in the direction of b. Any intensity distribution 1^* over the aperture A 1 may be built up out of an infinite set of uniform intensity distributions IpiA, each of which extends only over some area p enclosed in the aperture A lf so that 1^,*. = S IP>A . If H p is the value of H when Ax is replaced by p, (3.1) permits us to write It is clear from the physics of the problem that if a form of is investigated which is mathematically convenient and which is known a posteriori to lead to H ^ H, any other form of I^,* which departs less from IA will lead to H even more nearly equal to H. The form that will be investigated is It will be assumed that the combined x and z variation leads to a difference between H and H which is approximately equal to the sum of the differences due to the x and z variations considered separately since these two differ ences are both small. For an x variation only we have
where the aperture p is of width 2x and height 2b. A similar equation holds for the z variation, but it cannot be dealt with by a direct considera tion of H since values of H for unequal apertures heights are not available. However, defining G in an analogous way to H, it is easily seen that
If, therefore, G ~ G, then H ~H , and it is sufficient to consider the effect of a z variation on G.
The difference between H and H and between G and G will depend on the relative magnitudes of a and b. For wide rec variation clearly leads to no difference. As b/a increases, the effect* of the z variation will increase, being greatest for < On the other hand, the x variation will clearly lead to no difference for a < the difference* increasing as bfa decreases, being a maximum for wide rect angular apertures. We must now define the difference between the H and H curves (and the G and G curves) in such a way that a small differ ence over a large range of § (or of X) is equivalent to a large difference over a small range of 5 (or of X). This is ensured by defining the differ ence between the curves as the arithmetic sum of the several areas enclosed between them. If this difference is negligible then the curves will be the same for nearly all practical purposes. H and G calculated from A.2 and the corresponding equation for G are plotted for some cases in fig. 5 and fig. 2 respectively. For the cases shown in fig. 3 the algebra involved is prohibitive. The difference between the H and H curves has been found analytically for wide rectangular apertures and between the G and G curves for a <^b.In both cases the difference was 1 /20 of the ar under either curve. The difference for the z variation therefore increases from 0 to 5%, while the difference for the x variation decreases from 5% to 0, and, moreover, we should expect the two variations to be similar in form so that their sum will be approximately 5%. We conclude, therefore,, that any 1^* which departs from IA less than does the form A.l leads to values of H which differ from H by at most approximately 5%. This conclusion is of great practical value since in the form A.l the intensity variation from the centre to the corners of the aperture is 4:1. If a different dissection is chosen from that adopted in § § 3 and 4 of the paper, the theory can be developed more simply and with greater generality. The method to be described shows that the results for any two unequal rectangular apertures, the evaluation of which was impractic able by the original method, can be obtained directly from those for equal apertures. The method is also easily adaptable to asymmetrical aper tures, and consequently to asymmetrically distributed emission from the anticathode. The expressions derived in the first place are exact.
G. I. Harper
Consider a ray which, after passing through the centre of the first aperture, meets the second in a point distant x and y from the vertical and horizontal axes of the second aperture. Then x, y, and D are corresponding normal projections of a portion of this ray, and therefore (A, B, 0) -H (a, B, 9) -H (A, p, 0) + H (a, p, 0) . (iv) The integration in (iii) can be carried out with respect to either x or y. Different cases arise, depending upon the effective limits of integration. When the apertures are symmetrical we may work solely with positive values of y, so that no change in the sign of the factor -y occurs. All values of H can in fact be expressed in terms of the two functions From the form of Y (D) it is in general obvious that a stationary value of H can only arise when an X function is involved, and clearly this must be the function T. This implies, as would be expected, that the greatest values of H correspond to curves which lie partly to one side and partly to the other side of the longitudinal axis. A particular value of H 3 will give the maximum unless the aperture is very narrow, when we should expect to substitute a particular value of H 7.
H = H
If we proceed one stage beyond the approximation adopted in the paper we have a factor 1 -2^a (3 -tan2^) entering the integral. This further approximation is therefore required when < f > is close to \ n .
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The C o n stitution and F o rm atio n o f Bleaching Pow der 
I-In t r o d u c t io n
" Bleaching powder " is made by the action of chlorine gas on calcium hydroxide, the reaction being essentially: 2Ca(OH)2 + 2 0 2 -> Ca(OCl)2 + CaCl2 + 2H aO.
The constitution of the solid formed in this way has been the subject of investigation and speculation for many years, since its properties are not those to be expected of a mixture formed according to the above equation. In the first place, the reaction represented by the above equation never goes to completion; commercial bleaching powder usually contains 15-25% of calcium hydroxide and only about 35% chlorine available for oxidation; while even under special laboratory conditions it is extremely difficult to reduce the calcium hydroxide content below 5%. Secondly, the physical properties of bleaching powder are not those of a simple mixture of calcium hypochlorite, calcium chloride and unreacted calcium hydroxide; for instance, ordinary bleaching powder is not
